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CLAIMS 




An apparatus for gas cluster ion beam (GCIB) massybr 
cluster size diagnostics for improving GCIB wortepiece 
processing, comprising: / 



a vacuum vessel; / 

a gas cluster ion beam source within th^vacuum vessel 
for producing a gas cluster ion beam; / 

an accelerator for accelerating ,,the gas cluster ion beam 
along a trajectory; / 

a beam gate for controllably interrupting and restoring 
the gas cluster ion beam; / 

beam current measurement means^uisposed along the 
trajectory at a predetermined d^^tance, L, from said beam 
gate; / 

workpiece holding means disposed along the trajectory 
for holding a workpiece toiY gas cluster ion beam 
processing; / 

control means for pro\n-ding beam gating signals to said 
beam gate that controllably interrupt and restore the gas 
cluster ion beam; / 

time-of -flight measurement means for measuring the 
times-of -flight oy components of the gas cluster ion beam 
over said distano^, L; and 

a time-of -flight analyzer to analyze said times of 
flight of comg^onents of the gas cluster ion beam in order 
to provide oiatput information relative to GCIB mass or 
cluster siz(e; 

whereiiy said output information is used in the gas 
cluster /on beam processing of the workpiece. 

The apparatus of claim 1, further comprising display means 
for displaying the times-of -flight of components of the 
ga^cluster ion beam. 

The apparatus of claim 1, wherein the time-of -flight 
analyzer calculates the size or mass distribution of 
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components of the gas cluster ion beam, and the apparabus 
further comprises display means for displaying the siz4 or 
mass distribution of the components of the gas cluster ion 
beam. / 

4. The apparatus of claim 3 wherein the time-of-f Light 
analyzer calculates the size or mass distribufeaon by 
analyzing the beam current fall-off characteristics when 
the gas cluster ion beam is interrupted. / 

5. The apparatus of claim 3 wherein the tijime-of -flight 
analyzer calculates the size or mass distribution by 
analyzing the beam current rise cha^cteristics when the 
gas cluster ion beam is restored. X 

6. The apparatus of claim 1, wherean the time-of -flight 
analyzer calculates the sizeyco-charge-ratio distribution 
of components of the gas cluster ion beam, and the 
apparatus further comprised display means for displaying 
the mass- to-charge-ratio/^ of the components of the gas 
cluster ion beam. X 

7. The apparatus of cLaim 5 wherein the time-of -flight 
analyzer calculatyes the size-to-charge-ratio distribution 
by analyzing ther beam current fall-off characteristics 
when the gas cluster ion beam is interrupted. 

8. The appara^s of claim 6 wherein the time-of - flight 
analyzer calculates the size-to-charge-ratio distribution 
by analyzing the beam current rise characteristics when 
the ga^ cluster ion beam is restored. 

9. The^pparatus of claim 1, wherein the beam current 
mM^suring means comprises a faraday cup for collecting 
beam current signals . 
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10. The apparatus of claim 1, wherein the accelei^tor 
accelerates the gas cluster ion beam to a knowjrf energy in 
the range of from about 1 keV to about 5 0 key\ 

11. The apparatus of claim 1, wherein the b^am gate switches 
the beam on or off during a time that is/shorter than the 
time-of -flight of the gas ion beam clusters of mean mass 
as they travel said distance, L. / 

12. An apparatus for gas cluster ion>Deam (GCIB) mass or 
cluster size diagnostics for improving GCIB workpiece 
processing, comprising: / 

a vacuum vessel; / 

a gas cluster ion beam sou:nce within the vacuum vessel 
for producing a gas cluster /on beam; 

an accelerator for accelysrating said gas cluster ion 
beam along a first trajec/ory; 

a beam deflector for ^ntrollably interrupting and 
restoring the gas cluster ion beam flow along the first 
trajectory by deflectdmg the gas cluster ion beam along a 
second trajectory; / 

beam current mea^rement means disposed along the first 
trajectory at a pioedetermined distance, L, from said beam 
deflector; / 

workpiece ho!Laing means disposed along the first 
trajectory for/holding a workpiece for gas cluster ion 
beam processing; 

control m^ans for providing beam deflecting signals to 
said beam dfeflector that controllably interrupt and 
restore tMe gas cluster ion beam; 

time-OT- flight measurement means for measuring the 
times-o/-f light of components of the gas cluster ion beam 
along iSaid distance, L; and 

a yime-of -flight analyzer to analyze said times of 
flignt of components of the gas cluster ion beam in order 
to provide output information relative to GCIB mass or 
cluster size; 
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wherein said output information is used in ^he gas 
cluster ion beam processing of the workpiece. 

13. The apparatus of claim 12, wherein the bfeam deflector 
switches the gas cluster ion beam from the^ first trajectory 
to the second trajectory during a time tMat is shorter than 
the time-of -flight of clusters of mean ^ass as they travel 
said distance, L. 

14. The apparatus of claim 12, furti^er comprising display 
means for displaying the times-of -;^light of components of the 
gas cluster ion beam. 

15. The apparatus of claim 12, /wherein the time-of -flight 
analyzer calculates the size Zr mass distribution of 
components of the gas clusteir ion beam, and the apparatus 
further comprises display jfeans for displaying the size or 
mass distribution of the Components of the gas cluster ion 
beam. 

15. The apparatus of d^aim 15 wherein the time-of -flight 
analyzer calculates Ehe size or mass distribution by 
analyzing the beam /urrent fall-off characteristics when the 
gas cluster ion b&am is interrupted. 

17. The apparati^ of claim 15 wherein the time-of -flight 
analyzer calcu/ates the size or mass distribution by 
analyzing the/beam current rise characteristics when the gas 
cluster ion loeam is restored. 

18. The af^aratus of claim 12, wherein the time-of -flight 
analyzer ycalculates the size-to-charge-ratio distribution of 
componeiyts of the gas cluster ion beam, and the apparatus 
furtheicr comprises display means for displaying the mass-to- 
charge^-ratio of the components of the gas cluster ion beam. 

19 . /The apparatus of claim 18 wherein the time-of -flight 
anS-lyzer calculates the size-to-charge-ratio distribution by 
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analyzing the beam current fall-off characterixti/:s when the 
gas cluster ion beam is interrupted. / 

20. The apparatus of claim l^.^-'-iAmerein the time-of -flight 
analyzer calculates the size- to-charge-rat/o distribution by 
analyzing the beam current rise charactea^stics when the gas 
cluster ion beam is restored. / 

21. The apparatus of claim 12, wherein/the beam current 
measuring means comprises a faraday oap for collecting beam 
current signals. / 

22. The apparatus of claim 12, wh^ein the accelerator 
accelerates the gas cluster ion joeam to a known energy in 
the range of from about 1 keV about 5 0 keV. 

23. An apparatus for gas cluyter ion beam (GCIB) mass or 
cluster size diagnostics tol improving GCIB workpiece 
processing, comprising: / 

a vacuum vessel; / 

a gas cluster ion beam source within the vacuum vessel 
for producing a gas fluster ion beam; 

an accelerator f^r accelerating the gas cluster ion beam 
along a trajectory; 

a beam gate fo^ controllably interrupting and restoring 
the gas cluste:^ ion beam; 

beam currerjut measurement means disposed along the 
trajectory BlJ. a predetermined distance, L, from said beam 
gate; / 

control /neans for providing beam gating signals to said 
beam gater that controllably interrupt and restore the gas 
cluster/ion beam; 

time^-of -flight measurement means for measuring the 
times^of -flight of components of the gas cluster ion beam 
ove^ said distance, L; and 

/bl time-of -flight analyzer to analyze said times of 
flight of components of the gas cluster ion beam in order 
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to provide output information relative to GPSfi mass ory 
cluster size. 

24 . An apparatus for gas' cluster ion beam (GCIB) m^ss or 
cluster size diagnostics for improving GCIB workplece 
processing, comprising : 

a vacuum vessel; 

a gas cluster ion beam source within vacuum vessel 

for producing a gas cluster ion beam; 

an accelerator for accelerating saj^d gas cluster ion 
beam along a first trajectory; 

a beam deflector for controllabiy interrupting and 
restoring the gas cluster ion beam flow along the first 
trajectory by deflecting the g§fs cluster ion beam along a 
second tra j ec tory ; 

beam current measurement ifieans disposed along the first 
trajectory at a predetermined distance, L, from said beam 
deflector ; 

control means for proC^iding beam deflecting signals to 
said beam deflector that controllably interrupt and 
restore the gas cluster ion beam; 

time-of -flight measurement means for measuring the 
times-of -flight oW components of the gas cluster ion beam 
along said distance, L; and 

a time-of -fl/ght analyzer to analyze said times of 
flight of comBK5nents of the gas cluster ion beam in order 
to provide ojatput information relative to GCIB mass or 
cluster si; 

25. A methc^ of measuring a characteristic of an ion beam 
comprising the steps of: 

projecting the ion beam along a path having a 

predetermined length; 

collecting the ion beam current; 

ab/uptly switching the ion beam at a time t^ to produce a 

irrent transient; 
measuring the current transient; and 
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processing the current transient measurement to calculate 
a characteristic of the ion beam. / 

26. The method of claim 25 further comprising the yStep of 
displaying the calculated characteristic of the ilotl beam. 

27. The method of claim 25 wherein the ion beam is a cluster 
ion beam. / 

28. The method of claim 25 wherein the ab^ptness of the 
switching is less than the mean ion fli^t time across the 
predetermined length. / 

29. The method of claim 25 wherein jOie switching step 
comprises the step of switching th^ beam off and wherein the 
current transient is a current decrease. 

30. The method of claim 25 wherein the switching step 
comprises the step of switching the beam on and wherein the 
current transient is a curVent increase. 

31. The method of claini/25 wherein the processing step 
further comprises theistep of taking a derivative of the 
current transient a.fj^er time t^ . 

32. The method declaim 25 wherein the processing step 
further compris^ the steps of: 

taking a de^avative of the current transient after time t^ 
and / 

dividing Ahe derivative of the current transient by time t 
which id defined as the time required for the ion beam to 
travel/ along the predetermined length. 

33. Tbfe method of claim 27 wherein the characteristic of the 
clu^er ion beam is a cluster size. 

3jf, The method of claim 27 wherein the characteristic of the 
cluster ion beam is a cluster size distribution function. 




35. The method of cdaim 27 wherein the characteristic of the 
cluster ion beam>ls a cluster size-to-charge-ratio 



